A series of pyrazolines and metal complexes of 3-(furyl)-2-pyrazoline were design, synthesized and their structures were provided by FT-IR, 1 H-NMR, 13 C-NMR, ESI-MS and elemental analysis. These compounds were assessed for their in-vitro anti-amoebic activity against HMI:IMSS strain of Entamoeba histolytica and compared with standard drug metronidazole. Pyrazolines showed better activity in comparison to its mannich base, but the activity of metal complexes is much more promising than pyrazolines. The docking and ADMET studies were also conducted to investigate the probable mode of action. From the docking studies, it showed that E. histolytica thioredoxin reductase protein showed an active site for binding affinity.
INTRODUCTION
Amoebiasis is an infection of the human gut caused by the protozoan parasite E. histolytica. More than 50 million people are affected per year. 1 Infection from this parasite affects the gastrointestinal tract, liver abscesses, destruction of tissue and produce amoebic colitis. 2 Metronidazole has been considered as the drug of choice against amoebic dysentery. However, this drug shows serious side effects such as genotoxicity, carcinogenicity and hematuria. [3] [4] [5] [6] [7] Moreover, resistance from the standard drug metronidazole increased. 8, 9 In an effort to improve therapy for amoebic dysentery, the creation of chemical libraries is necessary to obtain novel drugs with high activity. The compound which has pyrazoline ring demonstrated good activities including antibacterial, 10 antifungal, 11 and antimicrobial. 12 Recent years have witnessed an increasing interest in metal complexes derived from pyrazoline due to their use as tools for studying the biological activity and emerging therapeutic potentials for a variety of disease. Our continuing interest in anti-amoebic drugs and the desire to explore such types of compounds and biological importance of pyrazolines encourage us to develope new pyrazoline and to enhance their efficacy by introducing metal in their molecular structure. In a recent year from our lab, we have reported several compounds that showed very promising IC 50 value, some of them are shown in the ( Fig.-1) . I (IC 50 =0.12µM), II (IC 50 =0.47µM), III (IC 50 =0.37µM) and IV (IC 50 =0.38µM) . [13] [14] [15] [16] [17] These results give us a designing strategy. Herein, we have synthesized Pyrazoline derivatives and metal complexes of 3-(furyl)-2-pyrazoline. To find the promising target for the treatment of amoebiasis, we have done the molecular docking. It catalyzes the reversible transfer of reducing equivalent between NADPH and thioredoxin. 18 We have found that thioredoxin reductase is a target for nitroimidazole based drugs in E.histolytica. 19 
EXPERIMENTAL Chemistry
Pyrazoline derivatives were synthesized from Mannich base precursor. The Mannich base precursor (1) (2) (3) (4) (5) (6) was prepared by the reaction of ketone, formaldehyde and dimethylamine hydrochloride as shown in PYRAZOLINE AND ITS METAL COMPLEXES I. Irfan et al.
(Scheme-1). 20 The reaction is effected from amount of HCl and solvent. The 2-acetyl furan ketone, 2acetyl thiophene ketone and methyl phenyl ketone give high yield above 72% in comparison to the substituted methyl phenyl ketone. [15] [16] [17] [18] But the yield of Mannich base of propiophenone and substituted propiophenone (14) (15) (16) formed by the previous method was very low but it gave satisfying yield about 91% by mixing propiophenone and substituted propiophenone with paraformaldehyde in the mixture of ethanol and conc. HCl. 21 Pyrazolines were synthesised by the reaction of Mannich base with 85% hydrazine in the saturated aqueous sodium bicarbonate solution, one equivalent of hydrazine reaction with two equivalent of Mannich base to form the pyrazoline (7) (8) (9) (10) (11) (12) (17) (18) (19) . 22 The pyrazoline (13) was prepared by reaction of Mannich base in methanol with hydrazine hydrate and sodium hydroxide. The preparation of metal complexes is given in the (Scheme-3). the ν(C-N) stretch vibrations, which also showed the formation of the desire compounds. The ν(C=O) band was in the range of 1634-1678 cm -1 and absorption bands at 3126 cm -1 is due to vibration modes of N-H functions. The bands at 1550cm -1 for azomethine (C=N), shifts during complex formation. This phenomenon may indicate that the nitrogen atom coordinates the metal ion. 23 The strong bands at 3126 cm -1 for N-H which remains unchanged during complex formation. This shows that the NH group is not involved in the complex formation. The characteristic bands of the furan ring of the free ligand upon complex formation shift respectively. This confirmed the coordination of metal ions by the heterocyclic oxygen atom. 24 The new bands at about 523-563 cm -1 , 430-490 cm -1 may correspond to the ν(M-N) and ν(M-O) involving the N-atom and O-atom of the furan and pyrazoline ring. 25 The 1 H-NMR study of the pyrazoline further confirm the formation of the compounds. The protons of a pyrazoline (7) (8) (9) (10) (11) (12) at C 4 and C 5 carbons appeared as broad triplet in the range 3.16-4.67 (J= 7.1-7.9Hz) and 3.51-7.31 (J=6.8-8.9) ppm respectively ( Fig.-2) . In the pyrazoline (17) (18) (19) the H c protons at C 4 carbon appeared down field in the region 2.86-3.91 as multiplate in all the compounds and the germinal protons H a and H b at C-5 carbon exhibited two signals. The CH 3 proton attached to the pyrazoline nucleus at C-4 appeared as a doublet in δ 1.0 -1.38 (J=6.6 -6.4Hz) ppm region. The 3-furyl-2-pyrazoline (13) shows a singlet at 7.24 due to N-H proton. The structure of the pyrazolines were further supported by 13 C-NMR, the C 4 and C 5 carbon of the cyclized pyrazoline ring in compound (7-12) resonate at 43.5-78.5 and 40.2-58.6 ppm and compound (17) (18) (19) showed at 38.3-45.3 and 54.7-56.1 ppm. All the compounds showed a signal at 142.2-164.3 ppm assigned to azomethine carbon of pyrazoline ring. The signals for (C=O) was in the region of 147.87-245.2 ppm. The CH 3 group of pyrazoline ring (17) (18) (19) showed signal at 13.8-16.9 ppm. The 3-furyl-2-pyrazoline (13) showed a signal at 152.63 ppm due to C=N carbon. The 1 H-NMR spectra did not show significant differences between the ligand (3furyl-2-pyrazoline) and their complexes. The electronic spectra exhibited three absorption bands at 287-299 cm -1 , 231-241 cm -1 and 214-228 cm -1 assignable to n → σ* , n → π* and π → π * transition, respectively. The band at 287-299 cm -1 assigned to the n → σ* transition of the azomethane nitrogen, the absorption band at 231-241 cm -1 is because of the n → π* transition due to the presence of carbonyl oxygen of C=O group and the absorption band at 214-228 cm -1 due to the π → π * transition of the phenyl ring. The absorption band at 227 cm -1 is observed due to the π → π * transition of the furan ring. The UV-VIS spectra of the metal complexes studied in the UV region in DMSO in the range 200-800 nm. The UV-VIS spectrum of ligand (13) exhibit two bands at 210 and 315 nm. The band at 210 nm is assigned to π-π* transition of furan portion, and the one at 315 nm is due to n-π* transitions of the azomethine moiety, respectively. However, these absorptions were red shift with respect to ligands depending on the types of the metal ions present. The magnetic moments of 1.7-1.9 B.M. fall within the range normally observed for square planer Cu(II) complexes and also indicate the presence of one unpaired electron in the complexes. The electronic spectra of Cu(II) complexes of ligand showed bands at 567-645 nm suggesting a tetragonal configuration around Cu(II) ion. These bands are accordingly assigned due to 2 B 1g → 2 A 1g , 2 B 1g → 2 B 2g and 2 B 1g → 2 Eg transitions, respectively. The magnetic moment of Co(II) complexes were found to be 4.47B.M. This value is indicative of an octahedral geometry for Co(II) complexes. 27 The electronic spectra of Co(II) complexes showed bands at 630 and 412 nm regions which may be assigned to 4 T 1g → 4 A 2g (F) and 4 T 1g → 4 T 1g (P) transitions, respectively. The magnetic moment, together with position of the bands indicates the octahedral geometry for Co (II) complexes. 28 The electronic spectra of the Ni(II) complexes exhibited two bands at 640 and 410nm. The Ni(II) complexes exhibit magnetic moment value of 3.11 B.M., which lie within the range reported for the majority of Ni(II) octahedral complexes The magnetic moment for Fe(II) complex was found to spin octahedral Fe(II) complexes. 30 which was assigned to 5 T 2g → 2 E g value and position of the bands, therefore, confirm the octahedral geometry. The electronic spectra of platinum(II) and palladium(II) complexes are indicative of square planar geometry. The ground state is 1 A 1 g and the excited states are 1 A 2 g, ruthenium(II) in an octahedral environment is 1 A 1 g→ 1 T 2 g are expected. 34 
Scheme

Biological Study Antiamoebic Activity
All the Mannich base, pyrazoline derivatives and metal complexes were screened for antiamoebic against HMI:IMSS strain of E. histolytica. was used as the standard drug and had IC showed an IC 50 value in the range 2.02 ring substitution, compound 3 with the phenyl ring and compound low IC 50 value (1, IC 50 = 2.53 µM; 3 pyrazoline derivative showed better antiamoebic activity as compared to Mannich base. The compound having 3-chloro (10, IC 50 = 1.5 µM), 3 substitution on the pyrazoline ring were distinctly showed good activity. The biological data showed that the pyrazoline (13) showed an IC 50 Ni(II), Fe(II), Pd(II), Pt(II) and Ru(II) results in complexes which sho 3.14 µM. Complexes showed better than its ligands in most of the cases. The having IC 50 = 0.09µM, its showed best activity among other compounds. The diffuse reflectance spectrum showed two bands at 490 and 640nm and charge transfer transitions, respectively. The magnetic moment and position of the bands, therefore, confirm the octahedral geometry. The electronic spectra of platinum(II) and palladium(II) complexes are indicative of square planar geometry. The ground state is g, 1 B 1 g and 1 Eg in order of increasing energy. [31] [32] [33] The ground state of ruthenium(II) in an octahedral environment is 1 A 1 g and only two spin allowed transitions, 3 derivatives and metal complexes were screened for antiamoebic strain of E. histolytica. 35 Detailed results are given in the (Table-1 and 2). The MNZ was used as the standard drug and had IC 50 =1.8µM. The biological data suggested that the Mannich base value in the range 2.02-10.32 µM. Out of nine mannich base, compound with the phenyl ring and compound 4 with the chloro-phenyl ring showed 3, IC 50 =2.35 µM; and4, IC 50 =2.02 µM) than other Mannich base. The pyrazoline derivative showed better antiamoebic activity as compared to Mannich base. The compound M), 3-Bromo (11, IC 50 = 0.81 µM) and 4-Chloro (12 substitution on the pyrazoline ring were distinctly showed good activity. The biological data showed that 50 =1.92µM. The complex formation of Ligand (13) with Co(II), Cu(II), u(II) results in complexes which showed IC 50 value in the range M. Complexes showed better than its ligands in most of the cases. The metal complexes ( its showed best activity among other compounds. value of 3.11 B.M., which lie within the range reported for the majority of Ni(II) octahedral complexes. 29 be 4.90 B.M. which lies within the range for high The diffuse reflectance spectrum showed two bands at 490 and 640nm and charge transfer transitions, respectively. The magnetic moment and position of the bands, therefore, confirm the octahedral geometry. The electronic spectra of platinum(II) and palladium(II) complexes are indicative of square planar geometry. The ground state is
The ground state of g and only two spin allowed transitions, 1 A 1 g→ 1 T 1 g and E. Histolytica (Ehtrr). Position of Ligand In Binding Pocket Of Target Protein, Interaction With Residue And Ligplot Images For derivatives and metal complexes were screened for antiamoebic activity 1 and 2). The MNZ that the Mannich base M. Out of nine mannich base, compound 1 with a furan phenyl ring showed M) than other Mannich base. The pyrazoline derivative showed better antiamoebic activity as compared to Mannich base. The compound 12, IC 50 =0.14 µM) substitution on the pyrazoline ring were distinctly showed good activity. The biological data showed that ) with Co(II), Cu(II), in the range 0.096metal complexes (20) PYRAZOLINE AND ITS METAL COMPLEXES I. Irfan et al.
In silico Physio-Chemical Properties
Mostly drugs fail when comes to clinical trial because of their bad physio-chemical properties. This prediction becomes very popular in drug discovery process to screen out the drug-like molecules at initial stage. Here, we did insilico physio-chemical prediction for the compound (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Silico physio-chemical showed that all the compounds have drug-like properties. All compound follow Lipinski's rule of 5. Compound (13) showed best result in comparison to other compound. Results of in silico physiochemical prediction are summarized in (Table-3 ).
The ADMET Properties
For the effective drugs interaction between pharmacokinetics, toxicity and potency are crucial. The pharmacokinetic profile of a compound defines its ADME properties. In this paper, we find the pharmoco kinetic properties of compound (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Among all compounds 7, 8, 11 and13 found to be carcinogenic in nature. Absorption and distribution of all the compounds are within range. Mannich base is shown skin sensitivity but its pyrazoline does not show any skin sensitivity. Results of ADMET are summarized in (Table-4 ). 
Docking Study
Thioredoxin reductase is a protozoan protein which plays an important role in protozoan's defense mechanism. 36 Here, we determined the interaction of our lead compounds viz.11, 12 and 20 with thioredoxin reductase of E. histolytica (EhTrR) using AutodockVina 4.2 tool. Compound 11, which showed comparatively less activity among three, showed two interactions with THR 50 residue with bond angle 3.2 and 3.4 Å. Similarly, compound 12 showed interaction with LYS 253 residue with a bond angle of 2.5 Å. Cu(II) metal complex (20) also bind with THR 50 and showed much interaction between ligand and amino acid residue with bond length of 3.1, 3.2 and 3.6 Å. The binding energy was calculated as -6.7, -7.7 and -7.0 Kcal/mol for the compound 11, 12 and 20, respectively. THR 50 and LYS 253 are important amino acid residues which involve in the FAD binding pocket of target protein EhTrR. 37 Thus, docking results give significant insights on the possible mechanism action of these compounds. Moreover, in vitro anti-amoebic results were also supported by docking studies.
RESULTS AND DISCUSSION
Chemistry
Reactions were monitored by pre-coated aluminum plate silica gel 60F 254 TLC plates. All chemicals and solvents were purchased from Sigma-Aldrich Company. Melting points were recorded on the KSW melting point apparatus. Elemental analysis (C, H, N) was carried out on HeraeusVario EL III analyzer by CDRI, Lucknow, India. From Shimadzu UV-1601 PC UV-Visible spectrophotometer electronic spectra were recorded. On Perkin Elmer model 1620 FT-IR spectrophotometer IR was recorded. 1 H-NMR spectra were recorded by Brucker spectroscopic DPX-300 MHZ spectrometer using Tetramethylsilane (TMS) as an internal standard. Splitting patterns are designated as; s, singlet; d, doublet; m, multiplet and coupling constant J is given in hertz. Chemical shift value is given in (ppm). The FAB mass spectra of all the compounds were recorded by JEOL SX 102/DA-6000 mass spectrometer. (7-12,17-19 )
The pyrazoline was prepared by the reaction of the Mannich base (0.056 mole) with 85% hydrazine hydrate (0.028 mole) in the aqu sodium bicarbonate and refluxed for 45 min with staring, After cooling, the reaction mixture was pure in water and the aqueous layer was extracted with dichloromethane. Mixed organic layers, dried over (MgSO4), filtered and concentrated. The compounds were re-crystallized using dichloromethane/ hexane solution (1:2). -2-yl)-3-(3-(Furan-2-yl)-4,5-dihydropyrazol-1-yl) 3-(4,5-dihydro-3-(thiophene-2-yl)pyrazol-1-yl)-1-(thiophene-2-yl) 
1-(Furan
3-(4,5-dihydro-3-phenylpyrazol-1-yl)-1-phenylpropan-1-one (9)
1-(4-chlorophenyl)-3-(3-(4-chlorophenyl)-4-5-dihydropyrazol-1-yl) propan-1-one (12)
3-(4,5-dihydro-4-methyl-3-phenylpyrazol-1-yl)-1-phenylpropan-1-one (17)
Synthesis of 3-Furyl-2-Pyrazoline (13)
A (0.1mol) of mannich base precursor in 70 ml of methanol was added in 14 ml of hydrazine hydrate, 7.2 ml of 50% sodium hydroxide, and 18 ml of methanol followed by refluxing for 45 min. The methanol was distilled off after refluxing, extract it with dichloromethane and water. Dried in vacuo gave the pure 3-furyl-2-pyrazoline which could be used without further purification.
3-Furyl-2-Pyrazoline (13)
Yellow solid, Yield: 57%, m. 
Antiamoebic Activity
The compounds were screened in vitro for antiamoebic activity against the HM1:IMSS strain of E. histolytica by the microdilution method. 38 E. histolytica trophozoites were cultured in wells of 96 microtiter plate (Costar) in TYIS-33 growth medium. 39 In DMSO compounds were dissolved at which level amoeba occurs showed no inhibition. 40 2 fold dilutions were used. We use 1mg/ml of concentration of culture medium. Metronidazole used as a standard drug. To confirm viability trypan blue exclusion used. By adding fresh medium of dilution 10 5 organisms/ml in cell suspension and 170 µl of this suspension was used in test and control wells plate. We chose inoculum of 1.7 x 10 4 organisms/well, after that growth took place in it. The plates were sealed, and gassed for 10 min in a Nitrogen, and incubated was performed at 37°C for 72 hours. With microscope, we checked the growth of the amoeba. By inverting and shaking the plate culture medium was removed. Then plates were washed with 0.9% aq. NaCl solution. To prevent the detachment of amoebae, the plate was not allowed to cool. The amoeba was fixed with chilled methanol in an ice bath for 15 min. dried and stained with 0.5% aq. Eosin for 15 min. After that stained plate was washed with distilled water and then dries it. To dissolved protein 0.1N aq. NaOH solution was added to each well. From the optical density of the control and test wells, we calculate inhibition (%) of amoebal growth. From the Linear-regression analysis, we calculate IC 50 values. The experiments were performed thrice for each compound.
In silico Physic-Chemical Properties
The evaluation of important physio-chemical properties of drugs like molecules is an important step in the process of drug discovery. The ADMET parameter for all the nineteen compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) was evaluated using pkCSM online webserver (http://biosig.unimelb.edu.au/pkcsm) and carcinogenic properties were determined CarcinoPred-EL webserver. Different important description such as molecular weight (MW), Dipole Moment (D), total polar surface area (PSA), number of HBD, blood-brain partition coefficient (log Kp), Lipinski rule of 5 violations, percentage human oral absorption, lipophilicity parameter [log P(o/w)], solubility (log S) with many others were calculated. According to Lipinski rule of five, any orally active drugs should not violate more than one of its parameters. The important Lipinski parameters are the number of HBA (not more than 10), number of HBD (not more than 5), molecular mass (less than 500), partition coefficient (log p ≤ 5) and molar refractivity (in the range of 40-130). The ideal range of these descriptors was based on the reference of 95% drugs.
Docking Studies
Molecular docking studies were performed to determine the interaction between lead compounds and possible drug targets. Thioredoxin reductase of E.histolityca (EhTrR) (PDB ID: 4a65) was selected for docking purposess. Complex crystal structure of the protein got from RCSB protein data bank (https://www.rcsb.org/pdb) and processed before docking. The structures of ligands were drawn using ChemSketch which were further converted into PDB format by online SMILES translator. The energy minimization of ligands and protein was done by Swiss PDB Viewer and converted into ADT desired format PDBQT using ADT tools. AutodockVina 4.2 software was used to perform docking. 41 Water molecule removed in a protein processing and hydrogen added and ligand was processed for ADT format. The X, Y and Z coordinates of grid box were 56, 54 and 54, respectively with 1 Å spacing which covers complete protein for the purpose of blind docking. The x, y, and z center coordinates were measured as -7.24, -14.093 and -13.987, respectively. For further interface analysis complex with the minimum PYRAZOLINE AND ITS METAL COMPLEXES I. Irfan et al.
binding energy and more interactions were chosen. The visualization of protein-ligand interaction was done by PyMol. 42
CONCLUSION
A series of pyrazoline derivatives and metal complexes of 3-furyl-2-pyrazoline were synthesized. We examined the antiamoebic activity of all the synthesized compounds. IC 50 value suggested that the metal complexes showed better antiamoebic potential. The in silico prediction of physicochemical properties for the compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) were found to be within the permitted range. From the molecular docking, we found that compounds 11, 12 and 20 are binding with thioredoxin reductase of E. histolytica (EhTrR) as their possible way of action.
